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Testing can influence student learning outcomes by influencing their approach to study and to learning. It is important to
understand the influence of testing on students’ learning outcomes to optimize instruction.We examine the role that testing
played in a science course, to examine the effect of testing on retention and performance on a standardized final exam. This
study compared two sections—experimental condition with testing (N = 35) and comparison condition with homework
(N = 39)—of an Electricity andMagnetism course in a pre-university program to explore the role of the testing effect, that
is, whether taking a test aids subsequent learning and retention. Results indicated that the students in the experimental
group had a higher final exam average and greatest achievement gains. Our findings corroborate previous research and
suggest that the traditional homework-based instructional strategy is a less effective approach for science learning or later
retention compared to an instructional approach incorporating regular testing. Implications of these findings and the
importance of testing in science instruction are also discussed.
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course
teachers’ approaches to teaching which allocate
much of the classroom time to the transmission of
information. Thus, understanding the influence of
testing on learning and performance is relevant to
both instructors and learners.
The term testing effect, refers to a cognitive
phenomenon where ‘‘students who take a test on
material between the time they first study and the
time they take a final test remember more of the
material than students who do not take an interven-
ing test’’ [11, p. 392]. Whereas the testing effect can
be traced to early works by scholars such as Abbott
[12] and Spitzer [13], Glover’s [11] influential article
spurred renewed interest in the phenomenon [5, 6,
14–17]. In recent years, scholars have increasingly
underscored the importance of testing as key to the
improvement of teaching and learning.
Much of this recent work has relied on lab-based
and experimental studies, using various stimulus
materials, learning tasks, test formats, and ques-
tionnaires to substantiate the testing effect [9, 10, 15,
18–24]. Relatively little research has focused on
investigating the testing effect in natural educa-
tional contexts where testing is an integral part of
the instructional design, although some studies have
evaluated the effect of repeated testing on course
performance [14, 25]. More research is needed to
demonstrate the efficacy of the testing effect in more
relevant natural educational contexts. To better
understand the testing effect outside of the lab
setting, we compared two semester-long courses in
Electricity andMagnetism to assess whether testing
1. Introduction
Being assessed for our performance has become the 
norm in many facets of our lives. Indeed, assessment 
is an integral part of teaching and learning today. 
Testing is generally used as an assessment tool to 
measure student knowledge and skill and to award 
certification. Thus, the implications of testing 
assume great importance. Whereas tests provide a 
convenient means to measure what students have 
learned related to a specific topic or over a course, 
research suggests that testing can be beneficial in 
bolstering student retention of information [1–3]. 
Frequent testing has also been associated with 
better performance, enhanced retrieval of informa-
tion, and in promoting retention [4–6]. Testing can 
even serve as a source of further learning as well 
[7, 8]. Taking a test, students are also engaged in 
learning-related cognitive processes [9]. While 
research suggests that testing might be beneficial 
in retention of material compared to other learning 
strategies (such as restudying), students may be 
unaware of the benefits of testing; for example, in 
a study of students’ study behaviors, researchers 
[10] found that relatively few students engage in self-
testing, suggesting that ‘‘students lack metacogni-
tive awareness of the testing effect when they 
monitor their own learning’’ (p. 477). Further, 
researchers [5] noted that testing is generally infre-
quent and commonly perceived as a bother in higher 
education. Likewise, it is also argued that there is 
insufficient opportunity to test students given some
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is indeed a beneficial instructional strategy. The aim
of the present study was to extend the work on the




This comparative case study contrasts two sections
of the Electricity and Magnetism course. A tradi-
tional course with online homework and formative
feedback served as the control group. In contrast, a
course that implemented robust testing with no
assigned homework served as the treatment group.
To reduce teacher bias, each of the two sectionswere
taught by a different instructor with identical con-
tent, including three required unit tests (e.g., test 1
on week 5, test 2 on week 10, and test 3 on week 15)
and a standardized final exam. Both the three
required unit tests and the standardized final exam
were identical to both sections.
Rather than assigning weekly homework (as was
the case with the control group), the students in the
treatment group were quizzed 12 times during the
15-week semester with no assigned homework out-
side of the classroom. The weekly quizzes were
designed to replace the out of the classroom assign-
ments or homework with an added focus on time-
on-task and peer formative feedback. In addition,
the quizzes were used to reinforce key concepts; for
example, the quizzes combined both conceptual and
word problems (as was the case for the online
homework) that exhibited a similar level of difficulty
as the three required unit tests and the final exam.
These weekly quizzes integrated the concept of
‘‘interleaving’’ a process that mixes both new and
old concepts together [26]. Research shows that the
effect of interleaving and testing with formative
feedback produces better results and enhances
long-term retention [9, 26–28]. This is similar to
the notion of cognitive elaboration discussed by
Bradshaw and Anderson [29] wherein repeated
exposure helps to deepen understanding. The inclu-
sion of opportunities for peer formative feedback is
supported by the literature on instructive academic
conversations supporting the kind of cognitive
elaboration that encourages deeper learning [30,
31] as well as the literature on instruction based on
peer interactions [32], and peer tutoring [33]. Stu-
dents in the treatment group worked on the quizzes
for fifteen minutes individually, and then an addi-
tional ten minutes were allocated to group discus-
sion where they could work together on the quizzes
with any of their peers. This was done to allow
students to co-construct and share their under-
standing and to give each other formative feedback.
The quizzes were used to assess students’ under-
standing aswell as to promote peer learning through
formative feedback. The quizzes were used not only
to measure what students learned and understood
from the lecture content but also to assess whether
they were able to retain that information through-
out the semester. Table 1 illustrates the two condi-
tions in the present study. For each condition, the
outcome measures (such as quizzes, unit tests,
homework, and standardized final exam (FX)) are
also listed. Both instructors followed the same
structure and used the same content. The only
difference between the two groups was the use of
homework and quizzes.
2.2 Study participants and procedure
The target population for this study is second-
semester college physics students at an English
Collège d’enseignement général et professionnel
(CEGEP) in Montreal, Quebec (for a primer on
CEGEPs, see [34]). The sample (n = 74, 62% males,
38% females) was drawn primarily from two sec-
tions of the Electricity and Magnetism physics
course. The treatment group consisted of n = 35
students (66% males, 34% females), whereas, the
control group consisted of n = 39 students (59%
males, 41% females).
Participants were informed of the confidential
nature of the study and the data. They were assured
that study results would not be linked to any
student’s name or student ID number. The data
was not analyzed until the final grades were sub-
mitted. The participants of this research gave their
consent to the researcher to assess and measure
teaching and learning effectiveness using their
aggregate quizzes, homework, unit tests and final
exam marks in the course.
3. Analysis and results
The data were analyzed using within-sample paired
t-tests to determine whether significant shift
Table 1. Summary of Methodology
Sections Condition Outcome Measures
Treatment group Lecture format with testing effect Quizzes, unit tests, FX
Control group Lecture format with online homework Homework, unit tests FX
Note. Each section was taught by a different instructor.
occurred within and between the two groups (treat-
ment and control) on the unit tests average (M =
74.52%, SD = 15.58) and the final exam average (M
= 75.10%, SD = 14.18). A similar procedure was
employed in the study [35]. The trivial shift between
the unit tests average and the final examaveragewas
not statistically significant for the treatment group
(see Table 2), demonstrating that students in the
treatment group performed slightly better in the
standardized final exam as compared to their unit
tests average. In contrast, the negative shift for the
control group was statistically significant, [t(69) =
–3.77, p = 0.001, ES = 0.43], demonstrating that
students in the control group were less successful on
the standardized final exam by 6 points (see Table
2). The effect size (ES), based on the standard
Cohen’s d [36], is significant if d > 0.2, indicating
that the observed changes have, both statistical and
practical significance. The within-sample paired t-
test difference between the treatment and the con-
trol group shows that robust testing can lead to
better retention and performance in a standardized
final exam in a college science course.
As indicated in Table 2, the overall unit tests
average was slightly higher for the treatment
group (M = 74.52%, SD = 15.58), as compared
to the control group (M = 71.34%, SD = 10.68). An
independent t-test analysis showed that this differ-
ence was not statistically significant, [t(72) = –1.01,
p = 0.315]. However, this trivial achievement gain
demonstrates that both in-class quizzes or out of
class assignment can be as successful as ameasure to
assess student learning and progress in the course.
Furthermore, an independent t-test showed that
both the overall final exam average [t(72) = –2.70,
p = 0.009] and the shift [t(72) = –2.83, p = 0.006]
between the two groups were statistically significant
(see Table 3), thereby suggesting that robust testing
andpeer formative feedback enhance later retention
and performance in science.
3.1 Gender differences
The data were first analyzed with an independent t-
test to evaluate the overall effects (both groups
combined) of achievement gains and overall aca-
demic performance by gender. Both males and
females do not exhibit any change (see Table 4)
nor did the independent t-tests reveal any overall
difference across all examined variables, suggesting
that both males and females students were essen-
tially the same before and after the standardized
final exam.
The data were further analyzed with an indepen-
dent t-test to determine whether gender differences
exist within each group on achievement gain, pre
and post final exam. The test did not reveal any
significant difference between genders across all
variables for the control group (see Table 5).
Although the final exam average for the control
group were higher for males compared to females,
these differences were not statistically significant
(see Table 5).
The independent t-test also revealed no signifi-
cant gender differences in the treatment group
Table 2. Overall shift between unit tests and final exam scores for each group
t-test
Tests avg % FX avg. % Shift %
Sections (SD) (SD) (SD) t p ES
Treatment group 74.52 (15.58) 75.10 (14.18) 0.576 (10.04) 0.339 0.736 –
Control group 71.34 (10.68) 65.35 (16.57) –5.99 (9.91) –3.77 0.001 0.43
Table 3. Overall difference between the treatment and the control group
Sections















Note. * p < 0.05.
Table 4. Overall unit tests and final exam average, and shift by gender for both groups combined






Males (n = 46) 72.05 (13.68) 69.79 (14.34) –2.25 (8.89)








Note. An independent t-test was not significant across all variables.
across all the examined variables (see Table 6).
Nontrivial differences existed between the genders
overall. Female students had higher final exam
average (M = 79.75%, SD = 8.59) than male
students (M = 72.67%, SD= 15.99) in the treatment
group. In addition, they also had a higher achieve-
ment gain (M= 3.41%, SD= 9.31) thanmales (M=
–0.903%, SD = 10.29). Females scored 3.41 points
higher on the final than they did on unit tests while
males scored 0.903 points lower. This significant
difference suggests that on average female students
might have benefited more from the testing effect.
4. Discussion
The findings reported above suggest that traditional
homework-based instructional strategy is a less
effective strategy for science learning and later
retention. Higher final exam average and achieve-
ment gains for the treatment group affirm that the
implementation of a testing design coupled with
peer learning can be successful and have a positive
impact on student learning outcomes in STEM,
especially for females. Poor retention rates in
STEM programs remains an imperative challenge
for pre-university college programs [34, 37] as poor
student retention limits the conduit of graduates
into STEM careers. Struggling to complete intro-
ductory STEM courses can engender disappoint-
ment and lack of motivation in students, and
eventually lead to plummeting retention and gra-
duation rates in STEM programs [34, 38]. Enhan-
cing performance in introductory science courses
could potentially increase confidence and self-
efficacy and ultimately lead to higher retention
rates in STEM education.
These findings are interpretable within the
approaches to learning literature [39–43]. In this
perspective, it is theorized that students’ approaches
to studying and learning are influenced by instruc-
tional decisions and the learning environment. Two
broad orientations have been documented, the sur-
face and deep approaches. The surface approach is
associated to performance, whereas the deep
approach is oriented toward understanding.
Further, deep learning is associated with better
attitudes towards the learning environment, greater
motivation, and generally better study approaches,
but, most importantly, with deeper knowledge and
better outcomes in the long-run. Whereas, surface
learning is associated with a shallower knowledge
base, less favorable attitudes towards the learning
environment, less curiosity and motivation for self-
directed learning and lower self-efficacy [44].
Teacher and content-centered approaches [41],
such as exhibited in the traditional homework-
based instructional strategy employed in the control
group have been shown to promote surface
approaches. However, student-centered ap-
proaches, such as those implementing peer learning
[33], have been shown to increase long-term reten-
tion of knowledge and skills over traditional
instructional approaches [44]. Most importantly,
student-centered instructional approaches are asso-
ciated with increased student success in terms of
pass-rates. Thus, it is important to examine the
facilitating and the discouraging factors that
increase deep learning approaches. A recent study
[45] examined the effect of perceived workload and
task complexity on education undergraduates, find-
ing no effect for perceivedworkload on the students’
approaches to learning, but a significant effect for
perceived task complexity, finding lack of informa-
tion as a consistently discouraging factor for deep
learning and an encouraging factor for surface
approaches. These findings provide context for
our results and suggest that if the testing effect is
real, itmaybe attributable toother factors related to
Table 5. Average unit tests, final exam, and shift for the control group
Gender






Males (n = 23) 70.52 (10.02) 66.91 (12.14) –3.60 (7.20)








Note. No significant differences exist between genders across all variables p > 0.05.
Table 6. Average unit tests, final exam, and shift by gender for the treatment group
Gender






Males (n = 23) 73.58 (16.65) 72.67 (15.99) –0.903 (10.29)
Females (n = 12) 76.34 (13.80) 79.75 (8.59) 3.41 (9.31)
t-test results p = 0.626 p = 0.098 p = 0.233
Note. An independent t-test analysis shows no significant differences between the genders, p > 0.05.
the implementation of the testing strategy, namely
to peer learning, as peer tutoring has shown one of
the most robust effects for achievement gains [33].
Overall, the phenomenographic approaches to
learning research suggests that the instructional
situation is a multi-factorial environment where
many enabling and hindering factors interact to
create the conditions that influence students’
approaches to learning and to studying. To foster
deep learning, and increase student retention, tea-
chers and faculty must be sensitive to student
perceptions of the learning environment and its
effect on their approaches to learning and study.
Our study suggests that the traditional home-
work-based instructional strategy is a less effective
strategy for science learning and later retention and
that a testing design with peer learning can deliver
improved learning outcomes. Such results are
important because they can help inform pedagogi-
cal development initiatives, optimize learning envir-
onments to support students, and help to improve
student learning outcomes in STEM.
4.1 Limitations
This quasi-experimental study is limited by its
design and its non-randomized convenience
sample. Uncontrolled factors could have influenced
the results, for instance, teacher individual differ-
ences, group composition and peer learning could
be confounding factors, among others. Although
our findings might not be generalizable, the con-
vergence of findings fromother studies suggests that
the testing effect is indeed real, and can explain
difference achievement differences in pre-university
STEM education.
4.2 Conclusions and future directions
High attrition rates in pre-university STEM college
programs motivate the search for instructional
strategies that can increase student retention and
achievement, and eventual success in STEM
careers. Our study suggests that a testing design
coupled with peer learning can improve student
learning outcomes. However, more research is
needed, particularly large-scale randomized con-
trolled trials that can help eliminate confounding
factors and establish towhat extent the testing effect
is real and not attributable to other factors in the
instructional situation.
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